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METHOD AND APPARATUS OF HEATING
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Our invention relates to a method and appara-
tus for heating hydrocarbon oils, and more par-
ticularly to a furnace having sections for heat-
ing, moderate low temperature cracking and/or
viscosity breaking and’ hlgh temperature crack-
ing.

In cracking operations the oil to be charged to
the cracking still is either topped, heated suf-
ficiently to reduce its viscosity and/or mildly
cracked.before it is passed to the cracking still in’
which it is subjected to high temperatures. In’
the ‘Gyro process, for' ‘example, the' oil -to ‘be
cracked 1s heated-to ’“vaporlzing temperatures,
then flashed in & flash evaporator and the vapors
subsequently cracked in the’ vapor phase ln a.
high témperature cofl;” .Gow

‘It has been the -practice frequently to employ'

separate pipe stillsfor different duties depending

upon whether or not high temperature -or low,

temperature -heat requlrements were nec&ssary
for the operation. :

One object of -our invention is to provide a
furnace which will perform the heating functlons
of two stills in & novel and efficlent manner.

- Another. object of our invention is to provide &
furnace in ;which -both higher temperature-and:
lower.temperature -operations may be performedij

with a high efficlency. ... -

Other and further objects of our mvention will’

be seen from the following description.

In the accompanying drawings, which form part
of the instant specification and are to be read in
conjunction therewith and in which like reference
numerals refer to like parts'in the several views;

5  Fleure 1 1s. & schematic sectional elevation-of -
one mode of carrying cut our invcntion.

Figure 2 is a schematic sectional elevation of
another mode of carrying out our.invention.

. Figure 3 is a diagrammatic showing of the re-
lauonship of temperature to excess air in the em-
baodiment shown in Figures 1 and 2.

In general, our invention comprises. the nrov1-
sion of a furnace setting having a bridge wall
defining a pair of combustion chambers. The

5 eases of combustion from the combustion cham-

bers are discharged at separated points into a gas
_passageway which may be positioned underneath
or at the side of the furnace setting and enclosed
therewithin. Radiant heat absorbing sections are
positioned in each of the combustion chambers.
A serles of convection heat absorbing sections
are disposed in the gas passageway, such that
some are exposed only to the gases from the high
temperature treating section while the remainder
are exposed to & mixture of the gases issued from

1933, 'Serlal No. 692,804
(CL 196—49)

the high temperature and the lower temperature
treating sections. The combustion gases from
the lower temperature section are discharged into
the gas passageway and admixed with the com-
bustion gases from the high temperature section
having passed through the series of high tem-
perature convection heat absorbing tubes and

reached a temperature approximately the same:

as that of the gases escaping from the combus-
tion-chamber of the lower temperature section.
Thé - comblned streams of flue gasés are then
passed ‘through another section of convection

tubes these belng at lower temperature and posi- -

tioned in that section of the gas passageway, past
thé-point - of gdmission of the convection gases
from the lower temperature radiant heating
chambeér, > °

- The hydrocarbon oil is charged first through a
convgction section of the lower temperature side
then through a'‘radiant heat section of the lower
temperature side, then through a soaking section
of thelower-temperature side, then through & con-,

vection section of the higher temperature side,

then-through a radiant section of the higher tem-
perature side and finally through a soaking section
of the higher temperature side. Portlons of the
convection section or the radiant section of either
side or a combination of portions of the convection
section and radiant sectionn may be used as soak-
ing sections depending upon the purpose to be
accomplished and the character of the hydro-
carbon undergoing treatment. In the case of a
vapor phase process, a flash evaporator is inter-
posed between the sections of the lower tempera-
ture and the higher temperature sections. The
section of the lower temperature side may then
be used for viscosity breaking and the vapors
from the. flash evaporator may be cracked in
the sections of the higher temperature side.

More particularly, referring to Figure 1, a fur-
nace setting [, which may be of any suitable ap-
proved. construction is provided with a partition
wall 2 dividing the setting into & pair of combus-
tion chambers 8 and 4. Suitable burners § and
6 are positioned within the combustion cham-
bers. Horizontal bridge walls T and 8 cooperate
with partition wall 2, to define the combustion
chambers 3 and &. A passageway 9 is positioned
within the setting | underneath the combustion
chambers 3 and 4. If desired, this passageway
may be positioned at either side. The passage-
way 9 terminates with an opening 10 which is
connected to a stack or fiue to conduct the waste
gases to any suitable point, such as a smoke
preventer or the atmosphere.
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It will be observed that there are conslderably
more burners positioned in combustion chamber

4 than in combustion chamber 3. Combustion
chamber 3 is in the lower temperature treating

5 sectlon and combustion chamber 4 is in the higher
temperature treating sectlon. Radiant heat
banks 10-and {1 which may comprise reof tubes,
wall tubes and/or fioor tubes, are positioned with-
in the respective combustion chambers and adapt-
10 ed to be heated mainly by radiant heat as can be
readily observed by reference to the drawings. In
the drawings, the plain arrows indicate the direc-.
tion of the flow of the oil and the feathered ar-

rows indicate the direction of:-the flow of the :

16 combustion gases. The hot combustion: gases
from combustion chamber 4 are discharged into

passageway 9 and pass therethrough to the flue .

connection 10a. The combustion gases from

combustion chamber 8 discharge into the gas
20 passageway § at a separated point therein from

that of the entrance of the gases from the com-

bustion chamber . A series of convection tube

sections are positioned within the passageway L]

as can be readily seen by reference to the draw-
25 ings. )

The oil to be heated is charged through line s
through the tubes of a bank {6 of the lower tem-
perature convection section. This section has a
main bank (6 of the lawer temperature convec-

30 tion section. This section has & main bank. 1§
{6a, the purpose ¢f which.

and an auxiliary bank Al
will be hereinafter more fully described. - The oil
from bank 16 passes through. line 16b .to bank

{6a of the

ature convection section, and then into the tubes

of the radiant soaking bank 18a of the lower tem-

40 perature section. In order to guard against car-
bon deposition which might be occasioned by the
overheating .of the ofl within the tubes, soaking
bank 18 is positioned behind bank 16a of the lower
temperature convection section and soaking bank

45 8a 1s positioned ghove radiant bank (0. It wil
" be observed that bank 18 1s a convection bank and
_that gases of combustion passing over the bank
must first pass over bank 164.. In this manner,

it is insured that the oil within bank-18 will not:

so be overheated resulting in a partial decomposi-
tion with danger of carbon formation and depo-
sition. - L
The ofl leaves the tubes of bank 18a through
line 19 and in the case of a vapor phase process,
55 goes to flash evaporator 20 from which the un-
vaporized oil is withdrawn through line 2f and
the oil vapors through line 22. It is to be under-
- stood, of course, that our furnace may be em-
ployed also in liquid phase cracking operations
in which case the flash evaporator may be re-
placed by & topping tower and the cracking stock
withdrawn from the topping tower may be
charged throfigh the line 22.
The oil from line 22 passes through a bank 23

of the higher temperature convection section. In

this convection bank 23 which in case of a vapor
phase cracking process is usually termed & dry-
ing tube section, the reactant is further heated
under moderate heat transfer conditions and up
70 to temperatures where pyrolytic reaction takes
place only at a low rate. Thus the vapors are
dried and all liquid particles completely vaporized
under conditions which do not permit the forma-
tion and deposition of coke. The dried, or super-
7% heated, oil vapors leave bank 23 through line 24,

ynvection section, then through line.
35 11, through the tubes of the radtant heat bank.
10 of the lower temperature section, then into the
tubes of the soaking bank 18 of the lower temper-.

2,090,504

pass through & bank of radiant tubes #{a in which
the heat absorption rate is increased but still be-
low the rate existing in the subsequent bank of
heating tubes { [, to avoid danger of carbonization
of the vapors. The progressively increased heat
transfer rate may be paralleled by & correspond-
ing change in the film transfer rate of the mate-
rial in the tubes, so that there would actually
exist the same temperature difference between

‘tube wall and medium in the tubes in spite of the

higher heat absorption rate,-thereby reducing
the danger of overheating. The vapors now pass

“through the tubes of the radiant heating bank

11 of the higher temperature section where at a

. ‘high rate of heat absorption they attain rapidly

the desired reaction temperature and subsequent-
1y through the tubes of soaking convection bank
25 of this section and finally through the tubes
of the shielded radiant soaking bank 25a. The
oil from the shielded radiant sosking bank 25a
leaves through line 26 and passes to the quenching
chamber in the case of & vapor phase process, or
to the reaction chamber in the case of a liquid
phase process. -

In operation, the oil enters the tubes of the con-
vection banks (6 and 16a of the lower temperature
section and passes through a serles of radiant
heating tubes 10 disposed within the combustion
chamber .of the lower temperature section, and
then passes to the tubes of the soaking banks
(8¢ and 18 in which the desired low.temperature
heat treatment is completed. In the case of a
vapor phase. process,. for example, .the vapors
enter the drying tube bank 23 which s charac-
terized by a moderate and uniform rate of con-
vection heat absorption, and consequently low
tube wall temperatures. The oil vapors then pass
through bank {fa of the radiant tube section of
the her temperature section, and thence
through the tubes of the radiant.bank .. = .

Tt will be observed that the vapors are heated
at progressively increasing -vapor. film rates,
avolding high tube wall temperatures with its
inherent danger of film carbonization. After
these preliminary heating.stages, as represented
by tube banks 23 and fla, the vapors are suf-
ficlently super-heated .that coke formatfon in
the high transfer rate heating tubes (I at the
proper vapor film rate is unlikely. Highly super-
heated hydrocarbon vapors in a process of ther-
mochemical decomposition at high temperatures
will form. some carbon but this carbon will be in

‘deflocculated form, known as lamp black car-

bon, which will be carried away by the vapors
passing through the tubes at high velocities and
will not deposit on the tube walls if these are
not overheated. The vapors leave the-radiant
heat tube section and pass into the tubes of the
soaking bank 25 which is a convection bank
maintained at the desired reaction temperature.
The vapors leave the tubes of the convection
soaking bank and pass through the tubes of the
shielded radiant heat sosking bank 25¢ from

- whence they are led off through line 26 for

quenching end further processing. The feature
of importance in the soaking tube banks 25 and
254 {s that the heat absorption rate of the soak-
ing tubes be equal to the heat consumed by the
endothermic reaction of cracking so that a uni-
form temperature is maintained.

The burners § and € may be ofl or gas burners
so that they may be readily controlled. By con-
trolling burner 6 it is possible to obtaln an ad-
justment which will achieve an even soaking
temperature In the sosking banks 25—25a as
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will be apparent by reference to Figure 3. The
diagram there shown is {llustrative of the man-
ner in which the rate of heat absorption adjusts
{tself when a combination of radiant end con-
6 vection heat absorbing soaking tubes are em-
ployed as shown in Figure 1. :

The figure shows that the rate of heat absorp-
tion which is principally a function of the tem-
perature for the radiant heat tubes, decreases in
the radiant section with an iIncrease in the
amount of air in excess:of that required for
complete combustion. This Is due to the lowered
 mean temperature in the radiant section. At the

same time, however, the excess alr causes an in-
15 crease in the flue gas velocity with a resultant
more efficient transfer of heat from the flue gas

" to the convection heat tubes and a consequent

rise in the rate of heat absorption. Obviously,
therefore, a furnace designed with a soaking
20 pank formed by a second row of roof tubes and
another soaking section formed &s a convection
bank may be efficlently operated according to
the requirements of the particular charging stock
and its characteristics as far as the reaction rate
25 js concerned. Figure 3 shows that with a rate
of heat absorption of around 3700 B. t. u./sq.
ft./hr. in the radiant and convection soaking sec-
tions, substantially 60% excess alr is required.
As more.or less air is supplied, the rate of heat
30 gbsorption: in the radiant and convection sec-

10

tions changes in & manner whichis clearly shown .

in the diagram of Figure 3. It is thus clear that
considerable variation in the- operating condi-
tions for.the -radiant and convection scaking
tube sections can be had by a regulation of the

amount of .excess -air. A
. The flue gases emanating

the gases escaping from the low temperature ra-

40 diant section. The latter may be as high in
temperature as the former. However, in such

~ cases where extreme high temperature treatment
is performed in the high temperature section,
and the flue gas temperature of the combustion
45 gases leaving this section is still so high that 2
high heat absorption rate is forced on the front
rows of tubes in the lower temperature convec-

tion section, and the material in these tubes’

(liquid ofl in most cases) will carbonize at the
50 overheated tube wall, then the combustion in the
Jower temperature radiant section can be so ad-
justed that the flue gases leaving this combus-
tion chamber will be of lower temperature and

actually temper the combustion gases Jeaving the-.

65 higher temperature section. It will be observed
that the hot gases from combustion chamber 4
are cooled by passing through the soaking bank
25 and the drying bank 23. They will in some

_ cases, however, still be too ‘hot for the convec-

60 tion tubes of the lower temperature section of the
furnace. Before they are allowed to contact the
convection banks of the lower temperature sec-
tion, the combustion gases from the lower tem-
perature section are admixzed therewith. The

65 temperature of the flue gas mixture can
be readily controlled by the firing conditions
of burners 5 determining the temperature of the
flue gases leaving the combustion chambers of
the lower temperature section. Adjustments can

70 be made so that the resulting gases passing
through the convection section of the lower tem-
perature section will be at that temperature de-
sired for the process being conducted.

It will be observed that our arrangement makes

95 for a very flexible design, in that the dutles of

from the high tem-
perature section are ordinarily not tempered by

3

the two sections may be varied at will without
impairing the performance of either individual
section. A maximum of economy is thus ob-
tained and uniform resuits achieved in a process
{nvolving a multitude of separate phases of op-
eration. An economizer tube bank 30 may be
positioned in the gas passage before the gases
go to the flue to effect the highest possible fur-
nace economy. The section may be used -to heat
a circulating medium for use in- evaporators,
hesaters, reboilers, or for the generation of steam

As an example of the operation of our furnace,
the topped crude, gas ofl or & mixture of gas oll,
a relatively heavier oll at a temperature be-
tween 550° F. and 600° F. is charged through
line. (5, to the convection preheating banks
16—I6a where the oil is heated to around 700° F.
The heated oil from bank (6a is raised in the
radiant heated tubes of combustion chamber 3
to a temperature ranging between 850 and 800°
F. which is maintained in the convection heated
and radiant heated soaking banks (8—{8a.  The
heated oil from the moderate low temperature
cracking or viscosity breaking section of the
furnace is then charged through the line (8 to
the evaporator 20 from which the oll vaporsat a
temperature of approximafely 8C0°. F. are led
through the convection drying section 23 where
the temperature is raised.to 850° F.
oil vapors are then passed-through the radiant
heated bank {{a where:the temperature is raised
to 875-900° F. before the final heating :of the oil
vapors takes place .in-radiant heated- banks {{
where the temperature is raised to 1100-1300° F.
The final pyrolytic treatment or high tempera-
ture cracking takes place in the soaking sec-
tions 25--25a where ‘the ofl vapors still at s tem-
perature of between 1100-1300° F.-are subjected
to the’ final cracking. -The flue gases leave com-
bustion chamber 4 at a ‘temperature between
1700° to 1800° F. and are.cooled by passage
through the convection banks 25 and 23 to &
temperature -of about 1300° F. The combustion
gases from the low temperature treating section
3 Ieave at & temperature between 1100°-1300° ¥
and are commingled with the gas.from the high
temperature treating or cracking section such that
the resultant temperature of the commingled
gases prior to passage through theconvection
banks {6a, {8 and (6 Is between 1250-1300° F.
The gases in passing through the convection
banks {6a, 18 and {§ are reduced in fempera-
ture to between 800°-900° F. A further re-
duction fn temperature is effected as the re-
sult of the passage of the gases through the
economizer bank 30 wherein the temperature
falls to around 600° F. before passage into the
stack. It Is to be observed, that the economizer
bank 30 may be used to heat a clktarging stock
which may be raised from 300° F. to 830° F.
by passage therethrough. The heated stock
could then be flashed into an evaporator tower
from which the vapors could be withdrawn at
a temperature between 550°-600° F. and charged
to the convection preheating bank {6 as before.

Referring now more particularly to Figure 2, &
modification is disclosed in which one section
of the furnace is used for preliminary drying and
heating to the desired cracking temperature and
the other is used for soaking.

Oil is charged through the line 29 to the econo-
mizer bank 30 where the temperature is raised
by convection heat and the heated oll then led
by line 19 to the evaporator 20. The vapors sep-
arated in the evaporator 20 are charged through
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the line 15 to & preliminary drying bank formed
by convection - heated sections 16—i6a from
which the vapors are led by the line {71 to the
radiant heat bank 10 in the combustion cham-
6 ber 3 which may comprise roof, floor and wall
tubes in which the vapors are rapidly brought
up to the desired cracking temperature. The
heated vapors are led by a line [Ta to the radi-
antly heated bank {1 in the combustion chamber
10 4 where the final pyrolytic reaction takes place.
The radiant soaking bank {1l is supplemented by
a convection heated. soaking bank 25 positioned
in the passageway 9 and from which the vapors
are led by line 26 for further processing or cool-
15 ing. In the event that it is desired to utilize
the furnace for liquid phase cracking, a distillate
or a topped crude from a topping tower may be
charged through the economizer bank 30 and
then led directly into the convection preheating
20 phanks 16—16a from which the oil is led for heat-
ing as in the vapor phase operation. .
. It is to be observed that our furnace permits
of separate control .of the temperatures in the
radiant heating and soaking sections by the
25 firing of the burners 5 and 6 located respectively
in the chambers 3 and 4. Extreme flexibility of
control of the cracking temperatures is thus
provided and forms an important feature of our
invention. ...>: . " . B o
The diagram of Figure 3 is particularly appli-
cable to the furnace of Figure 2. A proper.con-

trol. of the excess air in the combustion cham-.
ber 4 will: permit.of considerable variation in the

rate of heat transfer to the radiant heated and
35 t5 the convection heated tubes-of the soaking
section independently of the temperature in the

cracking section 3. ... - i

"It fs to.be further observed that this modifica-

tion is- illustrative 'of a :type of operation in
40 which the gases from the extreme high tempera-
- ture soaking section are tempered and:cooled by
the cooler gases from the combustion chamber

3 before they are -allowed to .contact the con-
vection heated section {6—16a. The formation

45 of and deposition .of carbon within: the tubes:of.
these sections as the result of too rapid heating

is thus prevented. - - B
For example, assuming a naphtha reforming
operation, the:reactant after initial heat ex-
50 change is charged through the economizer bank
30 and is 'raised in temperature from 250° to
650° F. and then passed to the evaporator 20
through the 1line (9. The vapors from the
evaporator at a temperature of between 550-600°
55 F. are heated in the convection sections {6—I6a
of the lower temperature section, to approxi-
mately 800-900° F. before entrance into the ra-
diant heated bank {0 of the heating section 3.
The vapors are rapidly heated in the tubes i0
60 to a temperature between 1100-1300° F. for high
temperature cracking and then passed . to the
soaking banks Il and 25 of the higher tempera-
ture section where the final reaction takes place.
Tt will be understood that certain features and
65 cuh-combinations are of utility and may be cm-
ployed without reference to other features and
sub-combinations. This is contemplated by and
is within the scope of our claims. It is further
. gbvious that various changes may be made in
details within the scope of our claims without de-
parting from the spirit of our inventioh. It is,
therefore, to be understood that our invention is
not to be limited to the specific details shown and

¥5 described.

2,090,504

Having thus described our invention, what we
claim is: i o : ‘

1. The method. of heating hydrocarbon oils
comprising the steps of simultanecusly burning
fuel in a pair.of combustion chambers, absorbing
in zones of the. combustion chambers heated
mainly by radiant heat portions of-the respective
radiant - heats. of combtistion by hydrocarbon oil
being circulated in confined streams through said
combustion chambers, absorbing in a zone Heated

10

mainly by convection heat part of the convection '

heat of the -gases of combustion issuing from one
of sald combustion chambers by hydrocarbon oil

passing to said combustion chamber in a confined

stream, whereby - to .reduce the temperature. of
said gases, commingling said ‘gases thus reduced
in_temperature with the gases of combustion is=
suing from the.other.of said combustion cham-
bers and absorbing in a zone ‘heated mainly by
convection heat part-of the convection heat from
the resulting mixture of combustion gases by hy-
drocarbon oil passing in a confined stream to said
last mentioned combustion chamber.

2 A furnace for heating hydrocarbon oils com-
prising in combination, a unitary setting, a veri-
cal partition wall and 2 pair of horizontal bridge
walls within said setting defining' therewith a
pair of combustion chambers;:means for burning
fuel disposed-in each-of said chambers; oil eir-
culating means positioned-in each.of said cham-
bers adapted -to be heated mainly by the radiant
heat of combustion; oil circulating means adapted

to be heated mainly: by;convection heat.from the:

gaScs_ of compustion; issuing from only one.of said
chambers .- and-connected {o-the: oil . circulating

20

30

means insaid. one of said chambers, and separate

oil circulating means adzapted to be heated main~

ly by convection.heat from the combined com-

bustion gases from both of said chambers. con-+

nected to-the-oil circulating.means in the- other
of said chambers.. - - .,.: .- S e

40

- 3.-A furnace as in claim 2 waerein said resbei:l-.. -

tive oil circulating means are connected in series.

4. A furnace for heating hydrocarbon oils com-.

prising in combination a setting, a partition.

within said sefting, defining a palr of combus;;"i'gllf:
chambers, means for burning fuel disposed .in
eacihh of said chambers, a gas passage, means
for discharging combustion gascs from said
chambers into said passage at scparated points

50

therealong, a.pair of tube banks positioned in -

said passage adapted to be heated -mainly.- by
convection heat of the gases from one of said
chambers, a pair of tube banks positioned in said
passage adapted to be heated by convection heat
of the gases from both of said chambers, respec-
tive tube banks adapted to be heated mainly by
radiant heat positioned in said chambers, and
means for passing hydrocarbon cil through one
of the banks of said last mentioned pair of con-
vection tube banks, then through a radiant tube
bank, then through the other bank of the said
last mentioned pair of convection tube banks, then
through a convection tube bank of said first men-
tioned pair of convection fube banks, then
through the other of said respective radiant tube
banks and then through the remaining convec-
{ion tube bank.

5. Heating hydrocarbon oil by passing it
through tube banks and heating it in succession
as follows: heating the oil mainly by convection
heat; heating the oil mainly by radiant heat;
heating the oil mainly by a second convection
heat; heating the oil mainly by shielded radiant
heat; heating the oil mainly by convection heat
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of higher temperature than said first convection

heat; heating the oil mainly by radiant heat of

higher temperature than said first radiant heat;

heating the oll mainly by convection heat of

5 higher temperature than sald second convection

heat; heating the ofl mainly by shielded radiant

heat_ of higher temperature than said first
shielded radiant heat, ’ :

6. A process of heating hydrocarbon ofl com-~

10 prising the steps of progressively ‘passing it in

an elongated, confined stream through a first coil

of a pair of serially connected coils disposed in

a gas passage, through an {ntermediate coil dis-

posed in a gas generating zone, and ‘through the

15 second coil of the palr, generating hot gases of

combustion in a first gas ‘generating zone; subject-

ing the oil stream in the second coil of the pair to

the convection heating action of sald gases, inde-

pendently and simultaneously generating further

20 hot gases of combustionina second gas generating

zone, effecting absorption by the cil during pas-

sage of the stream throtgh the intermediate coil

of part of the radiant heat of combustion of the

hot gases generated in said second zone, after the

25 stream has passed through- the first of said pair’

of serially connected colis and before it has

‘through 'the second of -sald pair of colls,

and introducing the combustion gases generated

in sald second gas generating zone into sald gas

sald coils.
7.  A.process of hesating hydrocarbon oll com-
prising the steps of passing

and heating it in successlonin a convection heat-
35 ing zone, in & radiant heating zone of one tem-
perature, in a radiant heating Zone of & higher
- temperature, and in a convection heating zone of
a higher temperature than sald first convection
heating rone, generating hot gases of .combustion
40 in &
gases of combustion in a second gas generating
zone, sald first convection heating step being per-
formed by the hot gases of combustion from both
gones, sald first radiant heating
45 step being performed only by the radiant heat of

second radiant heating step being performed by
the radiant heat of combustion in said second gas
generating rone, and said second convection heat-
50 ing step being performed by the hot gases .of
combustion from said second gas generating zone
only.
8. A process of heating hydrocarbon oil com-
prising the steps of passing ofl in an elongated,
55 confined stream ih & series of heating Zones and
heating the oll in succession in a convection heat-
ing zone, in & radiant heating zone, in & second
convection heating zone, in & third convection
heating zone, in & setond radiant heating zone,
goand in a fourth convection heating zone, gener-
ating hot gases of combustion in a first gas gen-
erating rone, generating hot gases of combustion
in a second gas generating zone, said first radiant
heating step belng performed by the radiant heat
g5 of combustion in sald first gas generating zone,
sald second radiant heating step being performed
by the hot gases of combustion in said second gas
generating zone, said first and second convec-
tion heating steps being performed by the hot
gases of combustion from both said gas generating
gones, and said third and fourth convection heat-
ing steps being performed by the hot gases of
combustion from one of sald gas generating zones.
9. A process of heating hydrocarbon oils com-
45 prising the steps of burning fuel in & first com-

it in an elongated,
confined stream through a series of heating zones :

first gas generating rone, generating hot -

5

bustion zone to generate radiant heat and hot
gases of combustion, independently burning fuel
in a second lower temperature combustion zone
to generate radiant heat and hot gases of com-
bustion, separately withdrawing the hot gases
from each combustion zone, tempering the gases
withdrawn from the first combustion zonebycom-
mingling them with the cooler gases withdrawn
from the second combustion zone, simultaneously
passing hydrocarbon oll in an elongated conflned
stream through the zone containing the tempered
con_lmingled gases to thereby heat the oil mainly
by the convection heat of the gases and then
passing the ofl in a confined stream through the
combustion zones.of successively higher tempera-
ture to thereby progressively Heat the ofl mainly
by the radiant heat generated in each.

10. A process of heating hydrocarbon oils com-
prising the steps of passing the ofl in heat inter-
change relationship with hot gases in a convec~
tion heat absorption zone, simultaneously con-
verting energy in a second heating zone to cause
radiant heat and the formation of hot gases,
withdrawing the hot gases from the second heat-
ing zone and passing them through the convec-
tion heat absorption zone, passing the ofl in &
confined stream through the second heating zone
and heating the oll mainly by radiant heat, sep-
arately and independently converting energy in &

- third higher temperature heating zone to.cause

radiant heat and the formation of hot gases,
passing the oil from the second heating zone
through ‘the third heating zone and absorbing &
portion of the radiant heat therein, withdrawing

- the hot gases from the last mentioned zone cool-

- ing said gases to substantially the temperature of
_the gases issulng from said second heating zone

and then commingling the cooled gases with the

_hot gases issuing from the second heating zone.

11.°A process of converting hydrocarbon olls
{nto hydrocarbon, oils of 10wer molecular weight
comprising the steps of independently generating
hot gases of combustion in a first combustion zone
and in a second combustion zone, withdrawing
the gases from each of sald zomes, passing the
gases from the second zone in heat exchange re-
lationship with cooler hydrocarbon oil, com-
mingling the cooled gases with the gases with-
drawn from the first xone, passing hydrocarbon

- oil to be converted in heat exchange relationship

with the commingled gases to effect a first grad-
wal temperature rise in the ofl, passing the then
heated ofl in heat exchange relationship with the
radiant heat in the first combustion zone to se-
cure & second rapid temperature rise in the oil
and a mild cracking reaction, passing the par-
tially cracked oil in heat exchange relationship
with the gases issuing from the second combus-
tion zone to effect the cooling of sald gases and
a further gradual temperature rise in the oil and
then passing the ofl in heat exchange relation-
ship with the radiant heat in the second combus-
tion zone to raise the ofl to the final cracking
temperature.

12. A process of converting hydrocarbon oil
comprising independently generating hot gases
of combustion and radiant heat in separate com-
bustion zones, separately withdrawing and then
combining the gases from each zone, passing
hydrocarbon oil to be cracked in heat exchange
relationship with the combined gases &s & pre-
liminary heating step, subjecting the heated oil
to a viscosity breaking reaction by passing it in
heat exchange relationship with the radiant heat
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in one of said combustion zones, separating the
vaporized from the unvaporized oil, passing the
vapors in heat exchange relationship with the
gases issuing from the other of said combustion
zones whereby the gases are cooled before being
commingled with the gases issuing from the other
zone, and the vapors are dried, and raising the
dried vapors to the desired cracking temperature
by passing them in heat exchange relationship
with the radiant heat generated in said last men-
tioned combustion zone.

13. A puocess ‘of converting hydrocarbon oils
comprising the steps of independently generating
both hot gases of combustion and radiant heat in
separate cracking and soaking zones, separately
withdrawing the gases of combustion from each
of said zones, combining the gases, passing hydro-
carbon oil to be cracked in heat exchange rela-
tionship with.the combined gases whereby the oil
is initially heated, subjecting the heated oil. to
heat exchange with radiant heat in said cracking
zone to effect a rapid temperature rise to a pre-
determined cracking temperature, passing the oil
at the cracking temperature to the soaking zone
and there subjecting it to radiant heat for a pre-
determined time interval sufficient to effect a sub-
stantial cracking of the oil, then passing the oil
in convective heat exchange relationship with
the hot gases issuing from the soakmg zone to
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effect a coollng of said gases, and withdrawing
the cracked oil from the process.

14. A tube still for converting hydrocarbon oils
comprising  in combination, a furnace setting, a
partition wall within said setting defining there-
with a pair of combustion chambers, a bridge wall
in each chamber, said bridge walls defining with
said setting a passageway for the combustion
gases issuing from both of said chambers, means
for burning fuel disposed in a portion of each
of said chambers, a tube bank positioned in said
passageway and adapted to be heated mainly by
convection heat of the gases from one .of sald
chambers, a pair of tube banks positioned in said
passageway.and adapted to be heated mainly by
convection heat of.the gases from both of: said
chambers, one of the banks of said pair serving
as a hottest gas shield for the other, tube banks
adapted to be heated mainly by radiant heat posi-
tiched in said chambers, and means for passing
hydrocarbon oil through the shielded bank-of
said pair of convection heated tube banks, then
through the shield bank of said pair, then through
a radiant heated tube bank in one of sald cham-
bers,.then through a radiant heated tube bank in
the other of said chanibers, and then through the
ﬁrst mentioned convection heated tube bank.

L JOHN-W. THROCKMORTON
HERMANN C SCHUTI‘

New York, N. Y. Mgera-
O1Ls. Patent dated

.ﬁerel)oy enters this disclaimer to claim 9 of said’ Letters Patent. -

G’a.zette Jamtary 80, 1940]
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in one of said combustion zones, separating the
vaporized from the unvaporized oil, passing the
vapors in heat exchange relationship with the
gases issuing from the other of said combustion
zones whereby the gases are cooled before being
commingled with the gases issuing from the other
zone, and the vapors are dried, and raising the
dried vapors to the desired cracking temperature
by passing them in heat exchange relationship
with the radiant heat generated in said last men-
tioned combustion zone.

13. A puocess ‘of converting hydrocarbon oils
comprising the steps of independently generating
both hot gases of combustion and radiant heat in
separate cracking and soaking zones, separately
withdrawing the gases of combustion from each
of said zones, combining the gases, passing hydro-
carbon oil to be cracked in heat exchange rela-
tionship with.the combined gases whereby the oil
is initially heated, subjecting the heated oil. to
heat exchange with radiant heat in said cracking
zone to effect a rapid temperature rise to a pre-
determined cracking temperature, passing the oil
at the cracking temperature to the soaking zone
and there subjecting it to radiant heat for a pre-
determined time interval sufficient to effect a sub-
stantial cracking of the oil, then passing the oil
in convective heat exchange relationship with
the hot gases issuing from the soakmg zone to
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effect a coollng of said gases, and withdrawing
the cracked oil from the process.

14. A tube still for converting hydrocarbon oils
comprising  in combination, a furnace setting, a
partition wall within said setting defining there-
with a pair of combustion chambers, a bridge wall
in each chamber, said bridge walls defining with
said setting a passageway for the combustion
gases issuing from both of said chambers, means
for burning fuel disposed in a portion of each
of said chambers, a tube bank positioned in said
passageway and adapted to be heated mainly by
convection heat of the gases from one .of sald
chambers, a pair of tube banks positioned in said
passageway.and adapted to be heated mainly by
convection heat of.the gases from both of: said
chambers, one of the banks of said pair serving
as a hottest gas shield for the other, tube banks
adapted to be heated mainly by radiant heat posi-
tiched in said chambers, and means for passing
hydrocarbon oil through the shielded bank-of
said pair of convection heated tube banks, then
through the shield bank of said pair, then through
a radiant heated tube bank in one of sald cham-
bers,.then through a radiant heated tube bank in
the other of said chanibers, and then through the
ﬁrst mentioned convection heated tube bank.

L JOHN-W. THROCKMORTON
HERMANN C SCHUTI‘

New York, N. Y. Mgera-
O1Ls. Patent dated

.ﬁerel)oy enters this disclaimer to claim 9 of said’ Letters Patent. -
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